h i g h l i g h t s
Ultrasound-guided microneurography improves data yields and reduces experimental duration. Open Ephys, an open source data acquisition system, offers advantages for human microneurography. Ultrasound with OpenEphys will facilitate targeted microneurography based upon clinical presentation.
a b s t r a c t
Objective: Microneurography is the only method for recording from single neurons in intact human nerves. It is challenging -requiring technical expertise, investment in specialised equipment and has sparse data yields. Methods: We assessed whether ultrasound guidance in combination with an 'open access' amplifier and data capture system (Open-Ephys) would simplify and expand the scope of microneurographic recordings in humans. Results: In 32 healthy consenting volunteers, ultrasound-guidance improved success rates for obtaining cutaneous C-fibres and reduced ''Skin to Nerve" times from 28.5 min to 4.5 min for recordings of the peroneal nerve (P < 0.0001).
We illustrate the potential utility of ultrasound-guided microneurography for difficult to access nerves with phrenic nerve recording during a Valsalva manoeuvre.
We show that Open Ephys is a viable alternative to commercially available recording systems and offers advantages in terms of cost and software customisability. Conclusions: Ultrasound guidance for microneurography with Open Ephys facilitates cutaneous C nociceptor recordings and allows recordings to be made from nerves previously considered inaccessible. Significance: We anticipate that the adoption of these techniques will improve microneurography experimental efficiency, adds an important visual learning aid and increases the generalisability of the approach.
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Introduction
Microneurography is an established technique that allows recordings to be made from peripheral nerves in humans (Vallbo and Hagbarth, 1968, Vallbo, 2004) . This includes the ability to record from afferent neurones conducting in the C-fibre range (Torebjork and Hallin, 1974) , which are predominantly nociceptors. In the pain field, the normal response characteristics of several classes of nociceptors have been defined and a growing body of work is now identifying pathophysiological changes in human disease (Donadio and Liguori, 2015) .
Despite these advances and many decades of use, microneurography remains challenging. In the words of the developers of the technique, ''.. experiments are time consuming and demanding for both the experimenter and the subject, particularly when the aim is to study single-unit activity. Short recording sessions may be preceded by long search periods requiring maximal attention to delicate visual
